The golden takin (Budorcas taxicolor bedfordi) is a large, forest-dwelling ungulate endemic to the Qinling Mountains, China. A recent study showed that golden takin move to different elevations depending on the season, remaining at high elevations in summer, intermediate elevations in winter, and at low elevations for short periods in spring and autumn. We proposed the following hypotheses: seasonal movement of golden takin is a response to a shift in vegetation phenology, which affects forage quality; and uphill movement of golden takin in winter is an adaptation to select areas with higher thermal energy. To test the 1st hypothesis we used relative phenological development derived from the normalized difference vegetation index time series to link seasonal shifts in vegetation phenology to movement patterns of golden takin. Golden takin descended to a low elevation with the greening of vegetation in early spring, ascended to a high elevation in late spring, and descended again in autumn as vegetation senesced. To test the 2nd hypothesis we compared thermal energy in the winter habitat with that in other areas of the home range, using the amount of solar radiation calculated by a solar radiation model. In winter, preference of the golden takin for exposed southern slopes at intermediate elevations correlated closely with areas of higher solar radiation. Our results indicate that solar radiation and vegetation phenology are critical factors in driving seasonal movement of golden takin.
bedfordi), which are endemic to the Qinling Mountains of China (Zeng et al. 2008) . They live mostly in groups larger than 10 individuals, but occasionally solitary animals can be observed in the field (Zeng et al. 1998 (Zeng et al. , 2002 . They forage on .160 species of plants, including mosses, ferns, herbs, shrubs, and trees (Zeng et al. 2001) . Their rutting season occurs in summer from June to August, and their calves are born in winter in February and March (Wang et al. 2005 (Wang et al. , 2006 . Golden takin migrate to different elevations 4 times a year, remaining at high elevations (2,200-2,800 m) in summer, at intermediate elevations (1,900-2,400 m) in winter, and at low elevations (1,400-1,900 m) for short periods in both spring and autumn (Zeng et al. 2008) . How closely these seasonal migrations follow plant phenology and what other factors might drive them are not known.
The movement of golden takin from lower elevations in late autumn to their intermediate-elevation habitat in winter might be driven by the search for places with relatively long periods of natural warmth from incident solar radiation. Because incident solar radiation is related to the number of sunlight hours and the incidence angle of solar rays, often it is correlated positively with elevation in mountainous areas (Yang et al. 2004 ). In addition, topographical (slope) aspect can further influence the period and amount of exposure to solar radiation. For example, in the French Alps ibex (Capra ibex) select sun-exposed slopes with high solar radiation as their winter habitat (Wiersema 1984) . Mule deer (Odocoileus hemionus) and white-tailed deer (O. virginianus) also strongly prefer southeast-facing slopes as their winter habitat in the Selkirk Mountains of southeastern British Columbia, Canada (D'Eon 2001). We hypothesized that the thermal environment is a factor that drives golden takin to select areas at intermediate elevations and with a particular topographical aspect as their winter habitat.
Remote-sensing technology is increasingly applied in studies of vegetation-grazer interactions (e.g., McShea et al. 1999; Skidmore et al. 2005) . For example, time series of the normalized difference vegetation index (NDVI) reflect seasonal dynamics of growing vegetation with respect to photosynthetic activity and green biomass (Wagenseil and Samimi 2006; Yu et al. 2005) . Therefore, seasonal variations in NDVI can be used to track changes in vegetation phenology (Beck et al. 2007; McCloy and Lucht 2004) . This has been used to show how seasonal migrations of gazelles (Procapra gutturosa) and wildebeest (Connochaetes taurinus) correlate with seasonal NDVI shifts in their habitats (Ito et al. 2006; Leimgruber et al. 2001; Ottichilo et al. 2001 ). More recently, Beck et al. (2008) illustrated how relative phenological development (RPD), a metric derived from NDVI time series and used to map vegetation phenology, can explain altitudinal movement of the giant panda (Ailuropoda melanoleuca), the other large grazer in the Qinling Mountains.
In this study we examined to what extent altitudinal shifts in plant phenology and amount of solar radiation are related to the pattern of seasonal movement of golden takin. We hypothesized that golden takin migrate along altitudinal gradients from spring to autumn in response to changes in vegetation phenology and, therefore by implication, forage quality. We thus predicted that golden takin migration follows altitudinal gradients of vegetation phenology in spring and autumn. Meanwhile, we proposed a 2nd hypothesis that uphill movement of golden takin in winter is an adaptation to select areas with higher thermal energy. We predicted that in winter golden takin select elevations with higher solar radiation and select sun-facing slopes.
MATERIALS AND METHODS
Study area.-We conducted fieldwork in the Foping National Nature Reserve (33u329-33u439N, 107u409-107u559E), which was located in the middle range of the Qinling Mountains in Shaanxi Province in China (Fig. 1) . The reserve was established in 1978, covers an area of 29,200 ha, and encompasses rugged mountains with elevations of 1,080-2,900 m. The annual mean temperature is 11.5uC, and monthly means range from 23uC in January to 28uC in July. In the mountains the 1st snowfall often occurs in November, but at elevations below 1,500 m it occurs about a month later. Snow starts to melt in early March to late March, depending on elevation, although on northern slopes snow patches will persist for another month. The annual rainfall is about 920 mm. According to local climate data, June-August is the warmest and wettest period, which we termed summer, and December-March is the driest and coldest period, here termed winter, with April-May and September-November forming the seasons of spring and autumn, respectively (Beck et al. 2008) .
Vegetation in the study area varies with elevation. Mixed coniferous and broadleaf deciduous forest occurs between elevations of 1,080 m and 2,200 m. The overstory is dominated by oak (Quercus spp.), poplar (Populus spp.), birch (Betula spp.), sumac (Rhus spp.), willow (Salix spp.), maple (Acer spp.), Chinese hemlock (Tsuga chinensis), and pine (Pinus spp.). Bashania bamboo (Bashania fargesii) and several shrubs form the understory. A subalpine coniferous zone occurs at elevations of 2,200-2,900 m and is dominated by Farges fir (Abies fargesii) and Chinese larch (Larix chinensis) with birch intermixed. Azalea (Rhododendron spp.), honeysuckle (Lonicera spp.), spirea (Spiraea spp.), and arrow bamboo (Fargesia spathacea) are common in this zone. The forest is replaced by subalpine meadows at elevations higher than approximately 2,750 m. No roads exist within the Foping National Nature Reserve, and as a result, habitats in the reserve are almost pristine and the influence of human activity negligible. In 1996 the estimated population of golden takin in the reserve was between 435 and 527 individuals (Zeng et al. 1998) .
Golden takin data.-To understand the pattern of movement of golden takin groups, we collared 3 individuals (an adult male belonging to a herd of more than 20 individuals, an adult female belonging to a herd of 12 individuals, and a subadult female belonging to a herd of 7 individuals) with radiocollars in June 1995. Although takin herds can change numbers and composi-tion, examination of our tracking data indicated that these 3 collared animals belonged to distinct groups throughout the monitoring period (Zeng et al. 2000) . We monitored herds with collared animals using a tracking system consisting of a TR-2 receiver and a 2-element directional H-antenna (Telonics Inc., Mesa, Arizona) and 38 receiving towers across the radiotracking region (Fig. 1) . We obtained locations of an individual by triangulation by taking 3 strong signal bearings from different towers to form an error polygon and considering the center of the polygon as the location of the animal (Zeng et al. 2008) . Only when the error polygon was smaller than 0.5 ha did we retain the data. We recorded locations of the radiocollared golden takin daily from July 1995 to August 1996, resulting in 533 readings total (92 in spring, 237 in summer, 80 in autumn, and 124 in winter). Subsequently, we obtained altitudinal data by overlaying their location coordinates on a 25-m digital elevation model.
We used additional animal location data collected during field surveys undertaken from July 1995 to August 1996 and from May 2002 to December 2005. These surveys were conducted along established routes, which covered all elevations in the study area (Zeng et al. 2008) . We collected locations in all seasons with approximately equal effort. Whenever we detected a group of golden takin or a solitary animal, either directly by encounter or indirectly by observation of fresh spoor, we recorded their location coordinates and elevation with a global positioning system receiver. We considered individuals within 100 m of each other as members of the same group, and recorded only 1 location for each group regardless of the number of individuals in the group. Thus, the takin group serves as the statistical unit in all analyses presented here. In total, we recorded 1,054 takin group locations during the 1995-1996 and 2002-2005 field surveys, of which 335 were recorded in spring, 407 in summer, 68 in autumn, and 244 in winter.
For the analysis of the altitudinal movement of the golden takin, we pooled the location data from field sightings and radiocollared animals, totaling 1,587 takin group locations, because collared individuals and the transect data produced similar seasonal movement patterns (Zeng et al. 2008 ). In addition, climate did not differ significantly between the 2 periods; both in 1995-1996 and 2002-2005 average monthly temperature and precipitation lay within the 95% confidence intervals of the long-term records starting in 1957, and land use and cover remained unchanged (Beck et al. 2008) .
Capture protocol.-The golden takin is a large montane ungulate. An adult takin weighs 150-350 kg and a juvenile 50-120 kg (Wu et al. 1990 ). We immobilized the 3 collared individuals with an anesthetic delivered intramuscularly by a veterinarian from Beijing Zoo to the rump or shoulder using a dart gun during June 1995. The anesthetic was BaoDing 2 (Beijing Zoo, Beijing, China), a mixed liquid of thiofentanil oxalate (2 mg/ml) and xylazine hydrochloride (10 mg/ml) in equal proportion, delivered at a dosage of 0.6-0.65 ml/100 kg body mass. A Telonics collar (600 g weight; Telonics Inc.) was fitted to each animal, with the MOD-500 transmitter hanging below the neck. Sedation was reversed with HuiSu 2 (Beijing Zoo, Beijing, China), a liquid of diprenorphine hydrochloride (3 mg/ml), at a dosage of 1 ml/100 kg body mass. Following collaring and reversal of the sedative, the animal was placed in a recovery posture with neck flat and tongue forward so its airway was open and clear. We saw no indication that radiocollars affected movement and survival of takin, and the collared female bore a calf in the following summer (Zeng et al. 2002) . Animal capture protocols followed for this study were approved by the Animal Care and Use Committee of the Institute of Zoology, Chinese Academy of Sciences, and the National Forestry Agency of China.
Phenological development of vegetation.-To test our hypothesis that golden takin migrate altitudinally from spring to autumn in response to changes in vegetation phenology, we used RPD (Beck et al. 2008 ) to quantify phenological shifts in vegetation and link them to the pattern of seasonal altitudinal movement of golden takin. RPD is derived from NDVI time series, and the NDVI is derived from Moderate Resolution Imaging Spectroradiometer (MODIS; http://modis.gsfc.nasa. gov). The NDVI quantifies the reflectance properties of green vegetation in the near infrared (NIR) and red (R) parts of the electromagnetic spectrum (Huete et al. 2002) , defined as NDVI 5 (NIR 2 R)/(NIR + R). Values of this index range from 21.0 to +1.0. Positive values are positively correlated to the amount of green plant cover, whereas negative values generally represent nonvegetated surfaces such as barren land, rock, water, snow, or clouds.
The RPD is calculated by rescaling daily NDVI values per pixel to cover a range from 0% to 100%, where 0% represents minimum NDVI and 100% maximum NDVI (Beck et al. 2008) . High RPD values indicate that vegetation is close to its maximum greenness and summer phenology, regardless of vegetation cover or type. Low RPD values indicate that vegetation is close to minimum greenness, with no or minimal photosynthetic activity and winter phenology. The RPD metric makes it possible to compare the phenological trajectory of different pixels through time, including the timing and rate of greenup and senescence of vegetation and the length of the growing and dormant seasons. In areas with snow cover during winter, snowmelt at the end of winter causes a 1st increase in NDVI, after which the spring greening of vegetation causes a further increase (Beck et al. 2006) . As a result, the lower end of the RPD scale (,25-30%) is not related to changes in vegetation phenology in such areas (Beck et al. 2007; Karlsen et al. 2006) .
For the calculation of RPD we used the 16-day composite MODIS NDVI data sets (the MOD13Q1 product), with 250-m pixel resolution, covering the Foping National Nature Reserve for the period 2001-2006, and acquired from NASA's Earth Observing System Data Gateway (http://edcimswww.cr.usgs. gov/pub/imswelcome/). The MOD13Q1 product includes 23 NDVI composite images per year. Every pixel in every image produces information on data quality scaled from 15 to 0, with 0 indicating ''perfect quality.'' Using data quality information, we took the best 23 NDVI composite images from the 6-year time series and formed a 1-year time series. For each pixel and compositing period we calculated the mean of 3 NDVI values of highest quality based on the usefulness index. If more than 3 NDVI values had highest quality, the mean NDVI of all these values was used. In summary, for each compositing period we calculated the mean NDVI for the 6-year period, based on at least 3 NDVI values of the highest quality. To interpolate the 23 NDVI values of the average 1-year NDVI time series to a daily resolution and reduce noise in the data, TIMESAT software and a Savitsky-Golay function were used (Jönsson and Eklundh 2002, 2004) .
The NDVI data of comparable spatial and temporal resolutions as MODIS NDVI do not exist for the study area before the year 2000. Because some of the location data of the golden takin were acquired between July 1995 and August 1996, we had to assess whether the MODIS data acquired in the 2000-2005 period were representative of the vegetation phenology in the 1995-1996 period. Unfortunately, no ground data exist on phenology in these periods in the Foping National Nature Reserve. However, Beck et al. (2008) showed that temperature and precipitation, which are the main causes of interannual differences in phenology (Walker et al. 1995; White et al. 1997) , were similar in the 2 periods. Hence, we concluded that the 2001-2006 NDVI data could be used to estimate the 1995-1996 phenology in the Foping National Nature Reserve.
Solar radiation data.-To test our 2nd hypothesis that golden takin move uphill in winter to select areas with higher thermal energy, we used solar radiation data derived from a digital elevation model by a solar radiation model to study the link between the amount of solar radiation and the pattern of movement of golden takin from autumn to winter.
We calculated potential solar radiation (i.e., the amount of shortwave radiation received by the Earth's surface under clear-sky conditions per unit time) by using an updated version of the solar radiation model proposed by Kumar et al. (1997) . The input to the model was a georeferenced digital elevation model with a horizontal spatial resolution of 25 m at 33uN in the study area. The time interval used for solar radiation calculations was 30 min. We calculated solar radiation flux at the midpoint of each 30-min interval to reduce shadowing effects. For each day, the algorithm calculated the time of sunrise and sunset and total amount of solar radiation between those times. From this, we calculated and mapped seasonal mean solar radiation of each 25 3 25-m 2 pixel of the digital elevation model in MJ m 22 day 21 for spring, summer, autumn, and winter.
Statistical analysis.-For every season we compared the solar radiation at the elevations where the golden takin groups were found to the overall solar radiation in the home range of the animals. This allowed us to assess if these golden takin resided at elevations that received below-or above-average solar radiation. To estimate average solar radiation in the home range, we defined the home range as the smallest geographical area (polygon) in which all animal observations occurred and that had only golden takin locations as polygon vertexes. The average solar radiation in the home range then was calculated for each season from a random selection of geographical locations within it, with sample size n, where solar radiation values were extracted from the maps. The number of golden takin group locations n in a given season defined the sample size of the random draws: 427 in spring, 644 in summer, 148 in autumn, and 368 in winter. The solar radiation at the elevations where the golden takin resided was estimated from a 2nd set of n locations within the home range. These were selected in a stratified random manner so that they had the same altitudinal distribution as the animal observations in that season. This latter sample allows for the comparison of a) solar radiation at the elevations selected by the animals versus the overall solar radiation, and b) mean solar radiation at the elevations where the animals reside versus the actual solar radiation received by the animals. We estimated this last variable by extracting the solar radiation for all golden takin group locations in the given season. Comparison b) can shed light on whether the animals select sites of particularly low or high solar radiation at the elevations where they reside. Comparisons a) and b) were repeated 100 times to test if the differences were statistically significant (Wilcoxon rank-sum test and P , 0.05 -Bauer 1972) .
To further assess the pattern of movement of golden takin groups with respect to solar radiation, we tested whether they selected sites with a certain slope aspect. If the animals prefer to reside at sites of high solar radiation within a given elevation interval, we would expect them to occupy southfacing slopes. We therefore calculated slope aspect, T, from the 25-m digital elevation model and then expressed it on an azimuth variable scale that we termed ''southness.'' Southness, calculated as 2sin(T), varies from 21 (north-facing slopes) to 0 (east-or west-facing slopes) to 1 (south-facing slopes). From the southness image we took a stratified random draw of locations within the home range and with the same altitudinal distribution as the golden takin observations. At intervals of 0.2 southness we compared the observed density of animal groups to the density of observations generated by the random draw, both expressed as a percentage of the total number of animal groups. This difference in density expresses whether more or fewer animal groups than expected reside at sites with a given southness range. This comparison was repeated 100 times to generate confidence intervals.
RESULTS
The pattern of altitudinal movement of golden takin in spring (April-May) and autumn (September-November) coincided with the phenological development of the vegetation across elevations (Fig. 2) . In spring, animals moved down from elevations of 2,000-2,200 m to about 1,800 m in time to access fresh food resources at these lower elevations where RPD reached 60% at the end of April. Their movement then tracked spring phenology as it occurred at higher elevations. From 15 May to 15 June mean arrival date of golden takin at different elevations closely matched the date at which RPD crossed 95% (coefficient of determination, r 2 5 0.62, n 5 15, with dates calculated per animal at intervals of 55 m). In summer, when RPD values are at their maximum, golden takin stayed at elevations of 2,500-2,600 m. In autumn, descent of golden takin coincided with the end of the growing season, which came 1st at the higher elevations, until they reached elevations of 1,700-1,900 m. However, return of golden takin to lower elevations matched the crossing of specific RPD values less strongly and for a shorter period of time in autumn than in spring (r 2 5 0.18, n 5 15, when comparing arrival dates of golden takin and RPD 74% from 15 September to 1 October). Movement to the lowest elevations of the golden takin home range followed by the return to intermediate elevations from late October to December did not coincide with specific RPD values as winter set in and vegetation senesced (RPD , 40%). At the end of winter golden takin completed their migratory cycle, moving down to the valleys again to access newly emerged forage.
Throughout the year, except in spring, golden takin resided at elevations with higher solar radiation compared with the entire home range (Wilcoxon rank-sum test, n 5 100, P , 0.05; Fig. 3 ). This difference in solar radiation was greatest in winter when the animals inhabited intermediate elevations. At the elevations where they resided, in all seasons, individuals selected locations that had higher average solar radiation   FIG. 2. -Seasonal altitudinal movement of golden takin (Budorcas taxicolor bedfordi) in the Foping National Nature Reserve as estimated from radiotracking locations of 3 animals (n 5 533) and field observations (n 5 1,054). The bold line indicates the mean altitude and thin lines its 95% confidence interval. Movement is shown against a background of the relative phenological development (RPD) of vegetation throughout the year, estimated using the satellite-based normalized difference vegetation index (NDVI). RPD ranges from 0% for minimum greenness to 100% for maximum greenness.
compared with the average solar radiation at these elevations; that is, animals tended to inhabit sites with relatively high solar radiation (Wilcoxon rank-sum test, n 5 100, P , 0.05; Fig. 3) . The difference in solar radiation between locations of golden takin and the average for the elevations they inhabited was relatively constant in all seasons.
Golden takin often were more present on south-facing slopes (Fig. 4) . This tendency was stronger in summer than in winter. The concentration of the animals on south-facing slopes in summer did not mean that they were exposed to a much higher dose of solar radiation, in absolute or relative terms; solar radiation is lower in winter than in summer (11.2 MJ m 22 day 21 6 5.9 SD versus 21.9 6 3.2 MJ m 22 day 21 ) and varies less with slope aspect in summer than in winter. The difference between solar radiation on south-and northfacing slopes is 8.0 6 8.3 MJ m 22 day 21 in winter and only 1.2 6 4.7 MJ m 22 day 21 in summer. Thus, in winter golden takin benefited much more from the added solar radiation on south-facing slopes than in summer.
DISCUSSION
The pattern of seasonal movement of golden takin is influenced significantly by changes in thermal conditions and vegetation phenology. Regulation of thermal conditions represented by solar radiation in winter is, according to our findings, a driving factor for the upward movement of golden takin during late autumn, whereas shifts in vegetation phenology from spring to autumn cause the animals to migrate downward, upward, and downward again. Our study provides evidence for the 1st time that it is the higher solar radiation at intermediate elevations that drives golden takin to move upward to their winter habitats.
The pattern of altitudinal movement exhibited by golden takin from late autumn to winter is not consistent with changes in plant phenology. In all 4 seasons solar radiation was not correlated to vegetation greenness (i.e., NDVI) or phenological development (i.e., for RPD, r 2 , 0.1 in both cases). In the study area golden takin selected habitats with higher solar radiation, which in winter are found at intermediate elevations and south-facing slopes. Throughout the year golden takin selected locations with greater average solar radiation than the average for the elevations at which they live. However, compared to other seasons, the benefit from solar radiation through altitudinal migration is greatest in winter, which indicates that maintaining thermal balance is most important for selecting habitat in winter. Energy expenditure increases in herbivores at low temperatures (Silver et al. 1971) . Therefore, the behavior of golden takin choosing sites with high solar radiation and sunny slopes could be a strategy of thermal adaptation during winter, consistent with our hypothesis that movement of golden takin uphill in winter is an adaptation to select areas with higher thermal energy.
In winter, snow depth generally increases with altitude, and this lowers access to forage and increases the energetic costs of locomotion (Mysterud et al. 1997; Parker et al. 1984) . The lower temperatures at higher altitudes also increase energy expenditure by individuals (Silver et al. 1971; Tang and Fang 2006) . For these reasons alone it is disadvantageous for the golden takin to inhabit high altitudes in winter. However, higher altitudes generally receive more solar radiation in winter (Yang et al. 2004) . Therefore, selection for intermediate altitudes in winter is partly the result of a trade-off between the benefit of higher solar radiation at high altitudes and the benefit of shallower snow depths and higher temperatures at low altitudes. In addition, the arrow bamboo and fir forest at intermediate altitudes possibly contribute to upward movement by takin in winter because the twigs and leaves of the arrow bamboo constitute important winter forage (Zeng et al. 2001) . The bamboo and fir forest probably also provide sufficient shelter for golden takin from heavy snow and cold wind, especially on south-facing slopes (Wu et al. 1990 ).
The apparent adaptation of golden takin to select sites at elevations that receive above-average solar radiation during winter may increase survival of calves born in winter. Previous studies revealed that golden takin give birth in the mixed coniferous and broadleaf forest and at sites located at the upper parts of south-facing slopes with ,5% snow cover (Wang et al. 2005 ). Higher solar radiation in winter habitats would create a favorable microclimate for golden takin, reducing stress for newborn calves caused by snow accumulation and the harsh climate. For herbivores in temperate zones, winter is the period when availability of food resources is lowest, often resulting in higher energy expenditure than energy intake (Nordengren et al. 2003; Parker et al. 1984) . Therefore, choosing a suitable winter habitat in which herbivores can conserve energy and reduce energy expenditure is an important thermal adaptation.
Our hypothesis that golden takin migrate along altitudinal gradients from spring to autumn in response to changes in vegetation phenology also is supported by our results. The altitudinal movement of golden takin coincides with the phenological process from lower to higher elevations in spring and from higher to lower elevations in autumn. Vegetation sprouts earlier at lower elevations because threshold temperatures for spring phenology are reached earlier here. As spring progresses, the increasing abundance of young forage at higher elevations is the likely cause of the upward movement of golden takin. Migration to higher elevations during summer is regarded as a strategy to increase energy intake among temperate ungulates (Mysterud et al. 2001) . In addition, with increasing elevation nutritive value of vegetation as forage for herbivores appears to increase because early phenological stages of plants generally have high nutritional quality in terms of energy and protein (van der Wal et al. 2000; van Soest 1994) . Hence, by inhabiting high-elevation regions in summer, golden takin sustain access to more nutritious forage and enhance their intake of energy. Although the RPD does not directly reflect nutritional value of vegetation, it can do so indirectly by showing the spatiotemporal distribution of vegetation phenology at the landscape level. Unlike other ungulates that migrate downhill in autumn-early winter to find wintering areas with shallow snow (Nelson 1995) , golden takin appear to move downhill in autumn in search of unwithered forage to store fat or accumulate energy for the coming harsh winter. Autumn also is the prime period for growth and buildup of body condition for temperate ungulates (Mitchell et al. 1976) , so by moving downhill during autumn, golden takin benefit from a prolonged period of access to unwithered forage.
Many studies have documented that the time of spring migration usually coincides with the time of emergence of the 1st new vegetation (Albon and Langvatn 1992; Klein 1965; Mysterud 1999) . Golden takin start moving downhill before this spring change in phenology. Our results demonstrate that at the end of winter golden takin descend to lower elevations in time to benefit from the 1st spring greening of vegetation. This was consistent with our field observations of phenology. Wu et al. (1990) also reported that the arrival of takin at low altitudes coincided with the onset of vegetation greening in spring. However, the cues that initiate this migration at the very end of winter need further study.
